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and mechanisms. The low mass and small size of the RHU-RPS has potential
application to smaller deep-space spacecraft with limited power demands. The use The MASER Study utilized the HI-Z, high-g load design shown above. The
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A study was performed to assess representative missions that would be enabled by
such lower power RPS systems. The study selected was: MASER: A Mars
Meteorology and Seismology Mini-Network Mission Concept Enabled by Milliwatt-
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RPS [1], lead by Dr. Ralph Lorenz, study team Science P. I. and performed by the thermopile cold-side heat rej action and maunting fixture. The m.lit produces Crushable{ Is.mcm(m e
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Space Systems (COMPASS) Team. environments, such as Mars. The RHU-RPS unit weighs 0.33kg and 1s 64mm o
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Fig. 6: View of Lander showing 6 RHU-RPS Units w/Ultracapacitors

RHU DESCRIPTION MASER MISSION DESIGN SUMMARY

The study identified a design reference mission (MASER-Meteorology and
Seismology Enabled by Radioisotopes) for a Mars mini-network enabled by
radioisotope power system technology. Four hard landers, delivered to Mars on a
carrier cruise stage, using parachutes and crushable impact attenuators would be
deployed in the polar plains north of the Tharsis bulge to perform seismic and
meteorological measurements throughout a Martian year (including the dark winter).
Operation throughout the polar winter 1s only possible through the use of a power
source using six RHU-RPS, providing ~240 mWe.
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The success of such a mission 1s only possible utilizing both the electric power and
the heat provided by RPS technology. The MASER lander would certainly not
survive over the Mars winter without the thermal power within a highly insulated
spacecraft. In this particular case, every watt of thermal power eliminated the need
for equivalent electrical heater power reducing mass, complexity and overall

Fig. 3: Four stations (white diamonds) would be delivered to the northern plains
between the heavily-tectonized flanks of the Alba Patera volcano and the north polar
cap. Inter-station distances range from 400-1,200km.
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Fig. 1: Expanded view of a radioisotope heater unit (RHU) to more challenging destinations beyond earth orbit are likely to come about. RPS
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The characteristics of the RHU are shown 1n Fig. 1. The fuel pellet (lower middle)
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lander required 240 mWe, the design of the lander was better suited to having 6
smaller units than one larger unit. In addition, high g capability may not be
necessary for many missions.

The RHU could provide heat similar to the heat sources used to power the MMRTG
now powering Curiosity rover and also planned for Mars 2020. The same concept
employed on the MMRTG and past RPS missions, can be utilized with the RHU to
produce low-level power utilizing thermoelectric heat-to-electric conversion devices.
The 1.0 watt thermal output could produce power in the 10’s of mWe with current
thermoelectric technology.

Fig. 4: Science Payloads
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The operation of the four i1dentical landers occur essentially autonomously P

for MASER’s baseline 2 year mission. After EDL and seismometer
deployment, the vehicles simply acquire data while trickle-charging their
capacitors. When an over-flight occurs with an Mars orbiter the lander
transmits the data to the orbiting relay in view via a UHF link.

The RHU-RPS 1s assumed to have the same mass, volume and performance as a
system prototyped in the last decade by Hi-Z [2, 3]. Importantly for the MASER
estimated 600 g landing load, this RHU-RPS system was impact-tested (in

Knowing the extremely low power output of the RHU-RPS the strategy for Fig. 7: Conceptual Layout of Multi-RHU-RPS [2]
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connection with the proposed Pascal mission development) and tolerated >2,000¢g
along the generator axis, and > 700g at 45° impact angle [2, 3].
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the lander was to allow continuous low power measurements and
housekeeping functions while storing energy for the high power loads which
would be operated periodically.  Specifically the pressure, temperature
sensors and seismometer would operate continuously while the wind sensor,
optical monitor and communication system would operate periodically. This
1s necessary to provide context to the seismometer data with and without
wind disturbance.

The RHU-RPS’s continuous power output allows day/night operation during
all four Martian seasons. The insulated lander and ~ 6.0 Watt thermal output
of the 6 RHU-RPS units, provides sufficient keep alive environment for
lander electronics.

Pre-decisional for Planning and Discussion Purposes only.

Figure 7 1illustrates some potential configurations of higher power RHU-RPSs. The
electric power outputs of these concepts would be 120 mWe, 240 mWe and 320 mWe,
respectively and 1llustrates a path toward future developments. These concepts also
preserves the RHU unit of Figure 1 and could maintain the all the safety analysis and
testing previously established.

More detailed study would be required to determine the optimum configuration and
thermoelectric module design.



